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Since the first detection of HC3N and other 
unsaturated nitriles, there is a debate if these 
molecules are formed in ion-molecule encounters or 
neutral-neutral reactions.  Theoretically, the 
predicted number density by only ion-molecule 
reactions is two orders of magnitude less than the 
observational results.  We thus intend to investigate 
the synthetic route to form these molecules in the 
interstellar medium (ISM) – a backbone system to the 
interstellar carbon-hydrogen-nitrogen chemistry as 
verified in laboratory experiments and observations.  
Recently we demonstrated that the reaction of CN 
radicals with CH3CCH forms two isomers CH3CCCN 
and H2CCCH(CN) with similar abundances, however, 
only CH3CCCN was identified in the ISM.  An 
explicit identification and quantification of 
H2CCCH(CN) will elucidate the role of neutral-neutral 
reactions in the formation of nitriles in the ISM – a 
crucial mystery unresolved for the last 40 years. 
Furthermore, Ever since the very first 
postulation of polycyclic aromatic hydrocarbons 
(PAHs), the formation routes of PAH like species in 
the interstellar medium (ISM) has been a challenge for 
astronomers and astrochemists.  However, the search 
for interstellar benzene as the very first “building” 
block of PAHs presents a particular problem.  
Pioneering crossed molecular beam experiments with 
unsaturated hydrocarbons and our previous experiment 
of searching for H2CCCH(CN) showed that the 
exchange of a hydrogen atom in the hydrocarbon 
versus a cyanogen radical, CN, is common in all these 
processes.  The benzonitrile molecule, C6H5CN, 
represents therefore an ideal microwave tracer for 
interstellar benzene.  Also, benzonitrile is important 
from the astrobiological viewpoint: this molecule is 
thought to be the key species to a prebiotic synthesis 
of amino acids on young Earth upon aminolyses and 
hydrolyses.  We thus intend to search for C6H5CN in 
different environments of the ISM: TMC-1 (cold), 
Orion-KL (hot), and CRL 618 (planetary nebula). 
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??????????????? H–(C≡C)n–CN (n 
= 1 ~ 5; cyanopolyines)?? CH3–(C≡C)n–CN (n = 1 
























??????????? (Howe & Millar 1990)? 
C2H2+ + CN → HC3N+ + H 
HC3N+ + H2 → H2C3N+ + H 
C2H2+ + HCN → H2C3N+ + H 




(Howe & Millar 1990)????????????? 
(cyanogen radical) CN (X2Σ+)???(acetylene) C2H2 
(X1Σg+)?????????? 
CN (X2Σ+) + C2H2 (X1Σg+) 
  → HCCCN (X1Σ+) + H (2S1/2) 
???? HC3N ????????????
????????(carbon star; ? IRC+10216)??
??????(circumstellar envelope)?????
(Cherchneff & Glassgold 1993; Cherchneff et al. 1993; 
Millar & Herbst 1994; Doty & Leung 1998)????
???????(Millar et al. 1997; Ruffle et al. 
1997)?????? TMC-1??????(des Forets 




?????????? HC3N????? (Huang et 
al. 1999b)????????????? CN???
?????????????????????
??????????????(Huang et al. 1999a; 
Balucani et al. 1999a; Balucani et al. 1999b)? 
C2H4 + CN → C2H3CN + H 
CH3CCH + CN → CH3CCCN + H 
   → H2CCCH(CN) + H 






????????? – ?????(cyanoallene) 
H2CCCH(CN)????(benzonitrile) C6H5CN – ?
?????????????????????


























? ? ? ? ? ? ? ? ? ? Orion-KL ? ? ?
H2CCCH(CN)????????????????
?????????????? CH3CCCN???
? ? ? ?  (TMC-1 ? Orion-KL) ? ? ?
H2CCCH(CN)???? 
2.2?????(benzonitrile) – C6H5CN 








???(Allain et al. 1997; Brenner & Barker 1992; 










?????(proto planetary nebula) CRL 618???








et al. 1999; Balucani et al. 1999a; Balucani et al. 
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